A real-time PCR assay using SYBR Green I for quantification of provirus load in a murine model of AIDS (i.e., LP-BM5 infection) was developed and validated. In this method, data are normalized against the 18S rRNA gene. The method has a dynamic range of 8 logs and a sensitivity of one copy.
The murine model of AIDS consisting of susceptible C57BL/6 mice infected with the retroviral complex LP-BM5 shows many similarities to human AIDS. The etiologic agent in the viral mixture is represented by a replication-defective virus (BM5d) requiring replication-competent helper viruses, such as ecotropic (BM5e) and mink cell focus-forming viruses (14, 15) . This murine model of AIDS has been used to test new therapies aimed at protecting both BM5d targets, i.e., lymphocytes and macrophages (9, 11) , and new approaches comprising conventional and lympholytic drugs (i.e., fludarabine) aimed at eradicating infection (8, 10) . In these studies a realtime PCR assay for provirus quantification would have been very useful.
We developed a PCR method based on detection of the p12 gag gene of the BM5d virus (6) by using the double-stranded DNA binding dye SYBR Green I as a detection system (18) . A similar method has been developed to quantify the 18S rRNA gene in the same samples. Thus, this PCR assay can be used, to determine the absolute copy number of BM5d provirus per cell.
For DNA isolation, 10 or 30 mg of tissue or cell pellet was resuspended in 750 l or at 5,000 cells/l, respectively, in lysis buffer (TE buffer [10 mM Tris-HCl, 1 mM EDTA; pH 8.0], 0.5% Tween 20, 0.1 mg of proteinase K/ml), followed by incubation at 60°C for 1 to 3 h and then at 95°C for 15 min. After centrifugation to pellet the cell debris, the supernatant was digested with a DNase-free RNase to a final concentration of 20 g/ml for 30 min at 37°C. Twofold dilutions for each DNA sample (1:5 and 1:10 dilutions for tissues and 1:8 and 1:16 dilutions for cells) were tested to ensure the absence of inhibitor during amplification, and the mean of both results was used for data analysis. The specificity of the primers (DEF-6 and DEF-7 for the 186-bp amplification product of the BM5d gag gene [4] and 18S-F and 18S-R for 151-bp product of the 18S rRNA gene [17] ) was confirmed for every PCR run by dissociation curve analysis (ABI Prism 7700 dissociation curve software; Applied Biosystems, Foster City, Calif.). Moreover, the DEF-6 and DEF-7 primers were able to eliminate the interference in virus quantification due to retrovirus-related sequences present in the mouse genome (3, 4, 6) . The standard SYBR Green I real-time PCR (real-time PCR) of BM5d and 18S rRNA was performed in a 25-l final volume. Then, 4 l of each DNA sample was added to 21 l containing 1ϫ PCR Gold Buffer (Applied Biosystems), 3 mM MgCl 2 , 200 M (each) deoxynucleoside triphosphates, 400 nM concentrations of each primer, a 1:100,000 final dilution (in dimethyl sulfoxide) of SYBR Green I (Molecular Probes, Eugene, Oreg.), 250 nM concentrations of ROX passive reference dye (in dimethyl sulfoxide; Molecular Probes), bovine serum albumin at 200 ng/l, and 0.625 U of AmpliTaq Gold (Applied Biosystems). Both amplifications were carried out under the same conditions by using an ABI Prism 7700 sequence detection system (Applied Biosystems): after one cycle at 95°C for 10 min, a two-step PCR procedure was used consisting of 15 s at 95°C and 1 min at 60°C for 40 cycles.
A standard curve of 10-fold serial dilutions of pCR-DEF plasmid molecules (4) was obtained for quantification of BM5d copy number in the samples. A second standard curve with 18S rRNA plasmid was generated in order to normalize sampleto-sample variation values of the BM5d (Fig. 1) . Moreover, a single-copy detection assay demonstrated that one provirus copy was detected in 100% of the one-cell dilution samples ( Table 1 ). The amplification efficiencies of the curves generated with pCR-DEF and pCR-18S plasmids and target DNA from samples were similar and in the range of 100% (data not a For each sample, the C T value is the average from three replicates of PCR with SYBR Green I and refers to one cell dilution (C T mean Ϯ the standard deviation: 34.10 Ϯ 0.58 for BM5d and 27.43 Ϯ 0.11 for 18S rRNA gene [n ϭ 10]).
b The C T values obtained (corresponding to about 246 18S rRNA copies, experimentally calculated [data not shown and Fig. 1 ]) confirm one cell as the exact starting DNA quantity.
c BM5d provirus copies deduced from standard curve analyses.
shown). This approach can be easily adapted to other applications. In fact, a BLAST search revealed that 18S-F and 18S-R were 100% homologous to mouse, rat, rabbit, and human 18S rRNA. The high reproducibility of the assay for both plasmids was documented by a coefficient of variation for estimated copy numbers of 19 and 22%, confirming the reliability and correctness of the entire technical procedure over time and over the complete range of quantification (2) ( Table 2) .
LP-BM5-infected C57BL/6 mice treated with a potent antiretroviral therapy were used to validate the method developed. The two drugs selected were two reverse transcription inhibitors, the nucleoside analogues zidovudine (AZT) and didanosine (DDI), which are known to be very effective at inhibiting the disease progression in murine AIDS (1, 13). The real-time PCR was able to detect small changes in proviral copies in a broad dynamic range with accurate discrimination between the copy number of infected and infected/treated tissues, in which, after the therapeutic regimen, a decline of at least 1 log unit was shown (Fig. 2) . In particular, the range varied from ca. 3 to 0.0015 provirus copies/cell in all samples tested. Especially in brain tissue, characterized by limited BM5d infection, the great sensitivity of the real-time PCR is emphasized by the detection of as few as one or two provirus copies per 1,000 cells in treated samples. A competitive PCR (cPCR) previously described (5) was found to be 100 times less sensitive and to have a smaller linear quantitative range (from 100 to 10 6 copies) compared to real-time PCR. The real-time PCR results correlate with the results obtained with the cPCR on lymph nodes (percent inhibitions of 76% Ϯ 6% and 80% Ϯ 8% were obtained with real-time PCR and cPCR, respectively [mean Ϯ the SD of five mice] in AZT-treated mice versus infected mice; P Ͼ 0.1), and bone marrow (percent inhibitions of 64% Ϯ 3% and 71% Ϯ 5% with real-time PCR and cPCR, respectively; P Ͼ 0.1) because the quantifications were in the dynamic range of detection of both assays: in fact, the BM5d copies detected in lymph nodes and bone marrow of infected and treated animals were ca. 10 4 to 10 3 and 10 3 to 10 2 , respectively, for 40 ng of DNA (data not shown). In brain tissue, the lack of correlation (percent inhibitions of 90% Ϯ 6% and 48% Ϯ 23% were obtained, respectively, with real-time PCR and cPCR; P ϭ 2.7 ϫ 10 Ϫ3 ) between results obtained by the two methods was due to the low level of infection in this tissue (about 3 copies per 100 cells in infected mice), where a further decline of proviral DNA after antiretroviral therapy brings all samples to the lower limit of detection of cPCR.
The present study demonstrates that the real time-PCR is a sensitive, specific, and reproducible assay and offers a significant improvement for the quantitation of provirus load compared to cPCR. We believe that this quantitative protocol is readily adaptable to already-existing pathogen primer sets used for quantification. We plan to apply this flexible, inexpensive, and easy method based on normalization by quantitation of 18S rRNA to human immunodeficiency virus type 1 (HIV-1) provirus DNA load determination in peripheral blood mononuclear cells and tissue reservoirs. The existence of a long-lived reservoir of HIV makes the monitoring of proviral load an important tool for research in the dynamics of HIV-1 replication and viral clearance in patients undergoing antiretroviral therapy and in the rational design of agents that, in conjunction with highly active antiretroviral therapy, can be used to decrease or eliminate infected latent reservoirs (7, 12, 16) . 
